INTRODUCTION
Theknowledge of natural population genetic structure contributes to a better understanding of the role selection and the mating system play in their evolution. Since the theoretical works of Wright (1951, 1965) , Cockerham (1969 Cockerham ( , 1973 , Kirby (1975) and Nei (1977) , genetic structures are often analysed using F-statistics.
The definitions of these parameters are based on the following hypothesis: genetic drift is the main evolutionary force which acts on the evolution of the studied characters. Inter-and intragroup genetic differentiation levels are a function of gene flow intensity in and between groups, and are also § a function of the number of generations since their separation. Three parameters were proposed to describe the properties of hierarchically subdivided natural populations (Wright 1951 (Wright , 1965 . These parameters were defined in terms of the total population (T), subdivisions (S) and individuals (I) .
In a diploid individual, the two alleles of a gene may or may not be identical by descent (Malécot 1948) . In a group of individuals, association between two identical alleles occurs with a given frequency. And this frequency varies from one group to another, according to the degree of dependence between identical alleles in a group. Therefore, F, 3 is the average over all subdivisions of the correlation between identical alleles that unite to produce the individuals, relative to the gametes of their own subdivision, F is the correlation between randomly chosen identical gametes within subdivisions, relative to gametes of the total population, "coancestry" in the sense of Cockerham (1969 Cockerham ( , 1973 .
F is the correlation between uniting identical gametes, relative to those of the total population, "inbreeding" (Cockerham ibidem) .
As pointed out by Wright, the list can be extended if there are further subdivisions. The above three F-statistics are not independent and Wright (1951) demonstrates that:
(1 -F) = (1
For example, when subdivisions are panmictic and isolated for a long time: F. = 0 in each group and F, is positive and increases with the number of generations. In this case, F = F',.
However, when subdivisions are constituted of selfed individuals, the equilibrium values of F, F and F are one.
The theoretical points of view of Wright and Cockerham encounter difficulties in the study of natural populations: firstly, without pedigrees it is not possible to recognise alleles identical by descent. Secondly, these authors do not consider direct selection effects which can strongly affects genetic structures.
In natural populations, identity between alleles is generally estimated according to the different allelic forms of a polymorphic gene. But the relation between alleles identical by descent and alike in state ones is not simple. When two alleles are different, it is clear that they have no parental allele in common. But when they are alike, they can be identical by descent or only alike in state. The correctness of an estimate of identity in and between individuals may be increased by considering many polymorphic loci.
In a population and for a diallelic locus, the estimate of Fl, is often calculated according to the following formula:
(1 -p) where H is the observed heterozygote frequency in the population and 2p(l -p) is the expected heterozygote frequency according to the HardyWeinberg law, calculated from allelic frequencies also estimated from the same sample.
This estimation shows a great sampling variance. Several authors have tried to estimate it (Rasmussen, 1964; Brown eta!., 1975; Vasek and Harding, 1976 
Simulations
We performed sampling simulations on theoretical populations using the Monte-Carlo method.
Creation of theoretical populations In theoretical populations, the mating system follows the mixed mating model. Populations are assumed to have reached the inbreeding equilibrium and for a diallelic locus, the proportions of the various genotypes are a function of allelic frequencies and the fixation index:
where AA' and aa' are respectively the homozygote frequencies for alleles A and a, Aa' the frequency of heterozygotes, p' and q' the frequencies of alleles A and a, and F, the fixation index (=s/2-s, Haldane, 1924 
F-statistics
Wright's initial formula (1951) are:
where 2p(l -p) is the average over the samples of expected heterozygote frequencies, H the observed heterozygote frequency in the populations as a whole, the average allelic frequency, var (p) the variance of the allelic frequencies among the populations. These formula must be corrected according to the number of samples and sample size.
For each sample, whether obtained from simulation or from natural conditions, an estimation of 1. is made for each allele at each locus following the corrections of Kirby (1975): where H1 is the observed heterozygote frequency in population i (i = 1, 2, . . . , r), for locus 1 (1 = 1,2 m) and for allele u (u = 1,2,. . . , v); is the estimated frequency of this allele and n,1 the sample size for locus 1 in population i. The average F, for a locus is a weighted average (Wright, 1965; Kirby, 1975; Nei, 1977) :
Estimates of the three F-statistics were made for the whole group of beech stands following the method of Weir and Cockerham (1984) .
In order to realise an estimation of the variance of these estimates, a jacknife procedure was employed (Miller, 1974; Reynolds et a!., 1983; Weir and Cockerham, 1984) . The estimates are given the standard error.
RESULTS

Simulations
Panmictic situation than with a deficit (F >0). The differences are significant (table 1) and the tendency is stronger in the case of low sample polymorphism. Therefore we can define two parts. The former, when polymorphism is high, with expected heterozygote frequencies lying between 025 and 050. The shape of the set is rather symmetrical and the number of samples with an excess of heterozygotes does not differ significantly from those with a deficit. The average 1. over the samples is equal to zero.
The latter, when polymorphism is low, with expected heterozygote frequencies lower than 025. the set is very assymmetric, with many F5 negative values. These negative values are aggregated. However, even with the dissymmetry, the F5 average remains equal to zero. Therefore, in a complete panmictic situation, we did not obtain an equal proportion of samples with a deficit or an excess of heterozygotes. This set of points shows the same general pattern as in the case of simulations ( fig. 3 ). In particular, Table 1 Distribution of the number of samples which have negative or positive F in function of expected heterozygote frequencies in panmixia (H = 1 pu2)
European beech stands Considering all of the beech stands, the Fstatistics estimates were: F,, =O151 F,, = OO78±OOO8 and F,=O217±OO16.
Px2
Here too, we can observe more heterozygote deficits than excesses ( fig. 4 and table 1 ). However, when polymorphism is low, the aggregation of the excesses is less pronounced than for Pxl. A first explanation is that there are three alleles at this locus instead of two for the preceding. The simulations are made for a two allele locus and therefore we cannot statistically compare the results for this locus with those from simulations. However, in natural populations the aggregation •.
• .
• S.. 
'. 1ib
,*1.s. of the heterozygote excesses when polymorphism is low, and the heterozygote deficit when polymorphism is high are similar to those of the simulations. The F-statistics estimates 0122±0010, F, =0035±0003 0l53 0.010.
GOT1
For this locus, the F. distribution pattern is the same as for the two first loci, but the upward 
Simulations
Whether for a simulation or for a beech stand, the theoretical population and the natural population are both objects which we study through images: samples. When is estimated in a small sample, the estimation shows great variations. Theoretically, F, is an interesting parameter for the study of genetic population structures in relation to selection and mating system. But it would be dangerous to interpret the estimates from such limited samples. The corrections given by Weir and Cockerham (1984) AA1 -p2+pqF
But, as AA decreases faster than Aa, there is a progressive estimation dependence between p and Aa. According to (1), when AA is near zero, p is mostly estimated from Aa. And when AA is equal to zero, p = Aa/2. Under these conditions, the fixation index is estimated according the following simplified formula:
Here we can see the total dependence between F,, and the observed heterozygote frequency. Whatever the observed Aa, 1 -Aa/2 is still lower than one, and F,, shows a systematic heterozygote excess in the sample. The F,, values are positioned on a graph whose equation is given by the latter formula. When an allele is rare, the probability of finding it as a homozygote in the sample is low. Most often, it is only found as a heterozygote. Under these conditions, there are only two genotypes in the sample instead of three. In this case, the heterozygote sampling still respects the binomial distribution whereas the rare homozygote sampling already respects the Poisson distribution. The probability of rare homozygote absence in the sample can be estimated according to the Poisson formula: and when the sample size N increases, P (0) decreases. The proportion of samples with only two genotypes decreases as the polymorphism and the sample size increase.
Therefore the interpretation of the sign and the absolute value of F, estimated from a finite sample, is different according to the polymorphism. In samples with a low polymorphism, especially when only two genotypes are present, it is normal to find more heterozygote excesses than deficits. The frequency of these excesses is not a consequence of overdominance or frequency dependent selection but only a statistical effect caused by the low probability of encountering rare homozygotes in the samples.
Natural populations In beech stands, the positive F, values are more frequent than the negative ones. If we consider all of the sampled populations, they present the same tendency for a heterozygote deficit at the three loci.
The average F, at each locus is estimated at:
0l51±0016 (F1), 0122±0010 (P2) and 0082±0013 (GOT1). The average F,, over the three loci is 0120. These estimates are all positive and this trend suggests an influence due to the mating system.
The differentiation coefficient, F,1, varies among the loci: 0078±0008 (P1), 0035±0003 (F2) and 0084±0008 (GOT1). The average F,, over the three loci is 0064.
The estimated F-statistics of beech can be compared to those of other species, also estimated on the same scale, over the whole distribution area (table 3) . The beech shows the highest estimates among the anemophilous forest trees, only Pinus banksiana has similar estimates. However herbaceous species can present higher estimates, in relation to their less allogamous mating system but also to their low longevity and therefore to a higher average population age. The estimates currently realised were obtained from more than 200 beechstands and are very accurate for each of the three loci. But the number of sampled loci is low and we must be careful about generalising our interpretations.
As pointed out by Brown (1979) , allogamous species often exhibit a heterozygote deficit relative to panmixia while autogamous species show the opposite phenomenon, a heterozygote excess. That is what he called the "heterozygosity paradox".
And among the different origins he listed, two can be applied to the beech.
Selfing
Although the beech is essentially allogamous, there can be some self-fertilisation. Nielsen and Shaffalitsky-de-Muckadell (1954) did auto-pollinations on 23 trees. Under these conditions, the estimated average selfing rate approaches 13 per cent. However, the selfing rate may widely vary on several levels: intraindividual, interindividual and interpopulation (Shen et al., 1981; Shaw and Allard, 1982) . The estimate proposed for beech may be imprecise because of the few traces studied. Plus the fact that autopollination without competition with allopollen may have made the authors overestimate the selfing rate in regard to natural conditions. Nevertheless, 13 per cent selfing is similar to the estimates realized on open pollina- forests. On the contrary, on the outskirts of the distribution area, the forests are often discontinuous with a small population effective size and little interpopulation gene flow because of distance and phenological differences. In the first case, genetic structures could best be described by an isolation by distance model (Wright, 1943 (Wright, , 1946 and in the second case, by an island model (Wright, 1931) or a stepping stone model (Kimura, 1953; Kimura and Weiss, 1964) . These two kinds of genetic models lead to a relatedness between individuals in the populations, therefore to a heterozygote deficit and an inter-and intrapopulation genetic differentiation. In the first case, intrapopulation pollen flow is limited to the nearest neighbours. Consequently, there is an increasing relatedness between individuals in the population and a decrease of heterozygote frequency in relation to neighbourhood size and the number of generations since the population foundation. Simulations of reproduction, following the "Isolation by distance" model, with different pollen effective sizes, make it possible to establish a relation between neighborhood size and heterozygote deficit (Cuguen, 1986; Cuguen and Thiebaut, in preparation) . Under these conditions, the F,, = O05 1 not explained by selfing may correspond to a neighbourhood size varying between 25 and 50. This indirect estimate, although very imprecise, would allow an estimate of the average neighbourhood size of beech, difficult to estimate with inductive methods.
According to Wright (1946) , a neighbourhood size lower than 200 can produce an intrapopulation genetic differentiation.
In the second case, where the populations are quite discontinuous, the limited effective size does not allow the constitution of distinct neighbourhoods. Under these conditions, reproduction is mostly panmictic in such small and isolated populations. However, here too the finite effective size in these marginal beech stands leads to an increasing relatedness between individuals and a diminution of heterozygosity.
Therefore limited gene flow between individuals and self fertilisation are likely to be at the origin of the genotypic structures of European beech populations.
